Nowadays, there are several applications of ultrasound in the field of dermatology, and the numbers continue to grow. This imaging technique can allow the study of the skin, the nail, and even the hair. The objective of this review is to provide an insight into the reasons for performing this examination, including technical considerations, the sonographic anatomy, and to discuss the sonographic characteristics of common dermatologic entities. Semin Ultrasound CT MRI 34:177-195 C 2013 Elsevier Inc. All rights reserved.
T he applications of ultrasound in dermatology have been growing in recent years due to the development of a newer generation of machines that work with high and variable-frequency probes that allow optimal definition of the superficial structures. These include common dermatologic entities that can easily benefit from the detailed anatomical data provided by sonography which may support diagnosis and management.
The skin is both the largest organ of the body and an exposed structure; therefore, any injury to it may easily affect the self-esteem and quality of life of individuals. The skin reveals several characteristics of a person such as age, gender, ethnicity, and health. It is also a complex organ that performs essential processes like healing, regulation of temperature, and storage of water, fat, and vitamin D. The appendages such as nails and hair are also crucially embedded in the integumentary system and play an active role. The nail unit is an enthesis that is closely connected with the distal insertion of the lateral bands of the extensor tendon and may be easily affected by any pathology that occurs in the distal interphalangeal joint. Moreover, the hair supports thermoregulation and plays a protective and social role for individuals. 1, 2 On the first hand, ultrasound in dermatology started with the usage of fixed-frequency equipments (20-100 MHz) that were capable of distinguishing the skin layers; hence, several studies on cutaneous pathologies have been performed using this technology. 3, 4 Nevertheless, fixed-frequency machines present low penetration (5-6 mm at 20 MHz, 3 mm at 75 MHz, and 1 mm at 100 MHz) and lack color Doppler capabilities. This penetration issue may be relevant because normal skin presents variable thicknesses according to the corporal segment. For example, only the dermis in the dorsal region can measure 43 mm (thickness) which anatomically may impede the detection of deeper lesions with fixedfrequency probes. Furthermore, the latter characteristics may be critical, for example in the diagnosis of skin cancer or vascular anomalies. 2, 5, 6 These fixed-frequency ultrasound machines are available in some Departments of Dermatology and research units and can provide valuable information if the limitations are kept in mind.
On the other hand, the variable-frequency equipments that are used for studying the skin are usually incorporated in sophisticated and expensive multichanneled ultrasound machines with powerful processors and probes that have an upper frequency range that currently varies from 15-22 MHz. These equipments show sensitive color and power Doppler, as well as light probes that can successfully adapt to the skin contours in the different parts of the body. Moreover, hockey stick-shaped probes allow an adequate attachment to the surface when exploring complex corporal segments, such as the face, the tongue, the ear pinna, or the fingernails.
The advantages of variable-frequency ultrasound are the reasonable balance between penetration and resolution, the real-time capability, as well as the possibility of identifying and measuring both texture and blood flow changes. The limitations of this technique are the measurement of r0.1 mm lesions, the detection of pigments such as melanin, and the detection of flat epidermal-only lesions. 5 The information provided on sonographic examination should ideally be different or complementary to that already deduced by a well-trained physician clinically. Thus, reports of the dermatologic applications of sonography include relevant anatomical data on the extension, exact location, vascularity, activity, and severity of common cutaneous abnormalities. This information can potentially allow modifying management (medical or surgical planning), prevent recurrences, and discriminate between a dermatologic or nondermatologic origin. Moreover, subclinical changes can be traced without the need to inject a contrast medium (at least in baseline studies) and in a safe environment that lacks radiation issues or confinement in reduced spaces. 2, 5, 6 These considerations should be added to the fact that nowadays, highly informed patients demand the best cosmetic results besides the correct management of their diseases.
The aim of this review is to provide an insight into why this type of examination may be needed, supply a basic guideline about how to perform it, considering the technical requirements and the normal anatomy, and lastly, analyze when this imaging modality would be applied in common dermatologic entities, highlighting their sonographic characteristics.
Technical Considerations
For dermatologic applications, we use high-resolution equipments that work with variable-frequency probes. Ideally, the recommended frequency for studying this field is Z15 MHz. Nevertheless, this comment does not denigrate the usage of lower frequencies but emphasizes the fact that the definition of the skin layers improves at higher frequencies.
In our department, sedation (chloral hydrate 50 mg/kg) is used approximately 30 minutes before the ultrasound examination in children o4 years, after informed consent is signed by the parent or guardian. This medication prevents the artifacts that are derived from crying or movements and provides a quiet, comfortable, and safe environment for the test. A modified Aldrete scoring (ie, evaluation of activity, respiration, circulation [blood pressure], consciousness, and oxygen saturation) is used for monitoring the children in the Department and they are discharged with Z9 points. 7 We use the technique, that has already been reported, for studying localized lesions of the skin that consists first, in the inspection of the lesion, and then the application of a copious amount of gel over the lesional area. Gray scale followed by color or power Doppler ultrasound or both is performed in at least 2 perpendicular axes. Detection of the echogenicity patterns, measurement of the size, identification and measurement of the blood flow (distribution, type, and maximum peak systolic velocity of the arterial vessels), localization and the identification of deeper layer involvement are reported. In the presence of asymmetric lesions, the deepest part is considered to measure the thickness during the sonographic examination. 2, 5, 6 In the nail unit, the examination includes both the ungual and periungual regions. 9 In the scalp, displacement of the hair tracts is performed for optimizing contact between the skin and the probe. 2, 6, 8, 9 The examination requires a variable degree of illumination in the room, thus strong lighting is used for inspecting the lesion, and a dimmer that allows the room to be darkened during the test is usually used. In the presence of multiple lesions, sequential lighting and darkening of the room is performed to properly locate the probe in the lesional area.
The settings of the machines include power Doppler to detect slow flow, the lowest repetition pulse frequencies and wall filters, as well as color gain below the noise threshold that does not cause artifacts.
Three-dimensional reconstructions (5-8 second sweeps) and color filtering are commonly used to improve the presentation and highlighting the findings. 2, 5, 6 Sonographic Anatomy
The skin is composed of 3 layers: epidermis, dermis, and hypodermis, which is also called subcutaneous tissue. Even though the epidermis has an ectodermal origin, and the dermis and hypodermis have a mesodermal origin, these layers are deeply functionally connected. Hence, the involvement of one layer may secondarily affect the other, and many of the pathologies in dermatology involve more than one layer. The echogenicity of the skin layers is influenced by their components. Thus, keratin affects the echogenicity of the epidermis, collagen affects the echogenicity of the dermis, and the fatty lobules provide the main echogenicity of the hypodermis. The epidermis shows in nonglabrous skin (ie away from the palms of the hands and soles of the feet) as a hyperechoic line. In contrast, in glabrous skin (i.e. the palms and soles), the epidermis presents as a bilaminar parallel hyperechoic structure. The dermis shows as a hyperechoic band, less bright than the epidermis. The hypodermis presents as hypoechoic fatty lobules separated by hyperechoic fibrous septa. 2, 5, 6 (Fig. 1) . During the aging process, a hypoechoic band in the upper dermis called subepidermal low-echogenicity band (SLEB) can be detected in the corporal regions exposed to the sun, such as the face and the dorsal forearm. Thus, the SLEB has been proposed as a marker for estimating the effects of photoaging. 10 With the current technology, low-flow arterial and venous vessels are detected in the hypodermis, and occasionally in the dermis.
The nail region is composed of the nail unit and the periungual zone. The nail unit comprises 3 parts: the nail bed, the plates (dorsal and ventral), and the matrix. The nail bed is a hypoechoic area that may become slightly hyperechoic in the proximal third beneath the ungual matrix. The nail plate is composed of keratin and shows as a bilaminar hyperechoic structure with a dorsal and a ventral aspect, also called dorsal and ventral plate. In between the plates there is a virtual hypoechoic space, called the interplate space. The origin of the nail plates is located distally to the level of the distal interphalangeal joint. The periungual region comprises the skin of the proximal and lateral nail folds, as well as the hyponychium (distal part) that shows an echostructure similar to the one previously described for the cutaneous layers, but without fatty lobules. The bony margin of the distal phalanx shows as a hyperechoic line beneath the nail bed. Neighboring the nail is the insertion of the lateral bands of the extensor tendon that are located at the base of the distal phalanx. This appears as a hyperechoic band with a fibrillar pattern. The distal interphalangeal joint shows up as a hypoechoic space between the hyperechoic bony margins of the distal and the middle phalanx. Low-velocity arterial and venous vessels are detected in the nail bed, usually close to the bony margin 2, 6, 8, 11, 12 (Fig. 2) . The hair comprises 2 parts: the hair follicle (the nonvisible part) and the hair tract (visible part). The hair follicles in the scalp present as hypoechoic oblique bands that show a variable degree of depth, according to the phase of the follicle. Thus, although the immature hair follicles (telogen phase) are located in the upper dermis (subepidermal region), the mature hair follicles (anagen phase) are found in the lower dermis adjacent to the upper hypodermis. Hence, the hair follicles pass through a growth cycle, also called the ''hair cycle clock'' that goes from telogen (resting phase) to anagen (active mature phase) with an in-between stage called catagen. 9, 13 The orientation of the hair follicles can change according to ethnic parameters. Thus, they tend to show a more pronounced obliquity in Caucasians, can be almost parallel in individuals with African ancestry, and present a more vertical orientation in persons with Asian ancestry. 14 The hair tract is mainly composed of layers of keratin. In the scalp, the hair tract mostly presents as a trilaminar hyperechoic structure with 2 outer layers, the cuticle-cortex complex, and an inner layer called the medulla. In contrast, the tracts of the villous hair which includes the eyelashes and eyebrows show as hyperechoic linear bands. The difference in appearance between the scalp and the villous hair tracts may be due to structural variations or the level of definition of the currently available technologies or both. 9 The scalp shows a centripetal blood flow network that mainly comes from branches of the external and internal carotid arteries, predominantly from the temporal and occipital arteries. These branches sequentially decrease in size, going from the lateral to the medial region. Commonly, low-flow arteries and veins are detected in the hypodermis and running through the galea (the aponeurosis and muscle layer) close to the bony margin of the skull 15 ( Fig.3 ).
Skin Pathology

Benign Lesions Cysts
Epidermal Cyst. These cystic lesions are derived from the entrapment of epidermal components in the dermis and hypodermis. Epidermal cysts may be due to embryologic, traumatic, or postsurgical causes. Histologically, epidermal cysts are composed of stratified epithelium with a granular layer, and they contain keratin. They do not show sebaceous components and therefore, the name ''sebaceous cyst'' is confusing and does not represent the real nature of these structures.
On sonography, the appearance of epidermal cysts can vary according to the phase of the cyst. Thus, intact epidermal cysts show as well-defined, oval or round shaped, anechoic or hypoechoic structures in the dermis and hypodermis, that commonly present a connecting tract to the subepidermal region called ''punctum''. Rarely, hyperechoic lines due to fragments of hair tracts or hyperechoic spots due to calcium deposits are detected within the cyst. Occasionally, giant cysts that contain compact keratin can appear as hypoechoic, round-or oval-shaped structures that may present ''onionlike'' layers or ''pseudotestes appearance'' (ie, brighter inner echoes and anechoic filiform areas). Inflamed cysts are hypoechoic and larger in size, and ruptured cysts usually present an irregular or lobulated shape. Inflamed and ruptured cysts are commonly accompanied by increased Trichilemmal Cyst (TC). These are derived from the external sheath of the hair follicle and 90% of them are located on the scalp. Clinically TCs may present as bumps or lumps associated with focal alopecia. They are lined with cuboidal epidermal cells without a granular layer. TCs contain keratin, oily material, and sometimes hair fragments. On sonography, they show as single or multiple well-defined, anechoic or hypoechoic structures located in the dermis and hypodermis. Echoes within the cyst due to debris are usually detected. Usually, they do not show a connecting tract (punctum) to the subepidermal region. Occasionally, they may show a target appearance with a hypoechoic rim and hyperechoic center. This hyperechoic center is usually composed of highly compact hair tracts or calcium deposits or both. In the presence of inflammation, increased blood flow with lowflow vessels may be detected in the periphery of the cysts 9, 19, 20 ( Fig. 8 ).
Pilonidal Cyst (PC). These cysts are usually seen in males and commonly in the intergluteal region. They can be related to trauma and the condition has been named ''Jeep Disease''. PCs seem to be the consequence of the penetration of hair tracts through the skin or dilated follicular ostia or both. Histologically, they are composed of a sinus lined with stratified squamous epithelium that contains a nest of hair fragments, granulation, and inflamed tissue. Frequently PCs tend to become infected and become abscesses that drain purulent material. On sonography they show as oval-shaped hypoechoic pseudocystic structures located in the dermis and hypodermis that present hyperechoic lines that correspond to hair-tract fragments. Commonly, they are connected with the base of the regional hair follicles, these being enlarged. Inflamed PCs show increased vascularity in the periphery. Importantly, ultrasound allows the detection of the extent, axis (oblique, longitudinal, or transverse), and branches of the cyst which may support surgical planning 2, 6, 21, 22 (Fig. 9) .
Solid Lesions
Pilomatrixoma. These benign tumors are derived from the hair matrix and are also called pilomatricomas, or calcifying epitheliomas of Malherbe. They are more common in children and young adults and are present in the head, neck, and extremities. On histologic examination, pilomatrixomas are composed of lobules with basaloid and ghost cells, calcifications, and eosinophilic keratinous debris that are surrounded by a fibrous pseudocapsule. Clinically, misdiagnosis has been reported in up to 56% of the cases. 2, 6, 23 On sonography, they can show a wide range of appearances. The most common form of presentation is the ''target nodule'' (ie, hypoechoic rim and hyperechoic center) located in the dermis and hypodermis that shows hyperechoic spots in the center due to calcium deposits. Thus, these hyperechoic calcified spots usually present a posterior acoustic shadowing artifact. Calcium is a key element for diagnosing these tumors and has been reported in up to 80% of the cases. [24] [25] [26] [27] [28] On color Doppler, pilomatrixomas show a variable degree of vascularity, ranging from hypovascular to hypervascular. The latter hypervascular form of presentation with strong outer (ie, at the rim) and inner (ie, at the center) blood flow may even simulate hemangiomas on physical examination. Other less common variants include the fully calcified pilomatrixoma, that shows as a hyperechoic nodule with strong posterior acoustic shadowing, and the cystic pilomatrixoma that presents as a anechoic cyst with an eccentric hypoechoic solid nodule that also shows tiny hyperechoic calcified spots surrounded by septa that connect the nodule with a hypoechoic thick, fibrous wall 2,6,23-28 (Figs. 10 and 11).
Dermatofibroma. This is a fibrous tumor that usually presents in the lower extremities or trunk in middle-aged females. It is also called fibrous histiocytoma and histiocytoma cutis. It is not clear if the origin of the lesion is a reaction to trauma or insect bites or both, or directly neoplastic. Histologically, dermatofibromas are composed of spindle cells, hyaline collagenous stroma, scattered lipid-laden histiocytes, multinucleated giant cells, and hemosiderin deposits. On sonography, they show as ill-defined or ovalshaped hypoechoic or heterogeneous lesions or both that involve the dermis and less frequently the upper hypodermis. Commonly, a distortion and enlargement of the regional hair follicles is detected. The degree of vascularity is variable and can go from hypovascular to prominent blood flow with lowvelocity vessels 6, 29 (Fig. 12) .
Vascular Anomalies
These are common causes of referral for sonographic examination. Vascular anomalies are usually cataloged by Mulliken and Glowacki' s classification, proposed in 1982, that divides these conditions into 2 main entities: hemangiomas and vascular malformations, based on the clinical findings, evolution, histologic characteristics, and prognosis.
30,31
Hemangiomas of Infancy. These are the most common soft-tissue tumors in children and are composed of true endothelial proliferations. Clinically, they present a fast growth after birth and for the first 1 or 2 years and then a slow regression period that usually lasts for 4 or 5 years. These lesions commonly respond to medical treatments (systemic or topical). The sonographic appearance of hemangiomas differs according to the phase. Thus, during the fast growth phase they present as ill-defined hypoechoic solid tumors with strong vascularity. There are arterial and venous vessels and sometimes arteriovenous shunts. The arterial blood flow can be so prominent that occasionally it may reach very high peak systolic velocities that can present a similar velocity to the flow detected in a large size artery, such as the external carotid artery. During the partial regression phase, part of the hemangioma turns to hyperechoic and there is a decrease of the vascularity. In the total regression phase, the lesion becomes fully hyperechoic and hypovascular.
Commonly at the end-stage phase, lipodystrophies (ie, abnormalities in the amount of the fatty tissue in the hypodermis which may be increased or decreased) can be detected in the lesional area 2, 6, 32, 33 (Fig. 13) .
Vascular Malformations. These are abnormal proliferations of vascular channels and do not compose a true tumor. They can be classified according to the type of vessels, into arterial, venous, capillary, lymphatic, or mixed. Also, they can be separated into high-flow (arterial and arteriovenous) and lowflow (venous, capillary, and lymphatic). On sonography, vascular malformations commonly present as a nest of anechoic ducts or lacunar cystic areas. Nevertheless, lowflow capillary malformations may present as hyperechoic islets in the hypodermis or hypoechoic areas in the dermis or both. Flat, epidermal capillary malformations may increase the thickness of the epidermis or may show no sonographic abnormality, and usually they lack detectable blood flow. On color Doppler examination, the spectral curve analysis can unveil the type of flow within the channels. In the presence of very low-flow vascular malformations (o2 cm/s), vascularity may go undetected by the current machines. In contrast, highflow vascular malformations show prominent and easily detectable blood flow. Ultrasound can guide percutaneous procedures such as embolization and monitor systemic or local treatments. Thus, MRI can be reserved for the cases that present multiple lesions and deep involvement 2, 6, [34] [35] [36] (Fig. 14) .
Malignant Lesions NonMelanoma Skin Cancer (NMSC)
This is the most common type of cancer in human beings and is composed of 2 main types: basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). BCC is the most frequent form and represents 75%-80% of NMSC. NMSC is more common in areas of the body highly exposed to the sun, such as the face which may complicate the cosmetic prognosis.
Patients that present immunosuppressive diseases or treatments, including the recipients of renal transplants, show a higher incidence and more aggressive presentations of NMSC. Incomplete excisions of primary NMSC lesions have been reported in up to 67% of the cases of SCC, and up to 32% in BCC. [37] [38] [39] Histologically, BCC shows islands of atypical basaloid cells and fibrous stroma. Some subtypes show abundant mucin and a pseudoglandular appearance. 40 On sonography, BCC tends to show as well-defined, oval-shaped, hypoechoic lesions that commonly present hyperechoic spots. Increased vascularity (low flow) is usually detected within or surrounding the tumor. Occasionally, there are pleomorphic appearances of BCC that include asymmetric, lobulated or irregular presentations. There are 2 sonographic artifacts that have been reported in BCC lesions. One is called the ''angles at the bottom'' and is produced by significant inflammation due to dilated vessels and giant cells which can produce a hypoechoic angled band at the bottom of the lesion. The other artifact is called the ''blurry tumor'' and is caused by extensive hyperplasia of sebaceous glands which generate blurriness or almost isoechogenicity of the lesion with the surrounding tissue. The latter artifact has been detected on the tip of the nose. Nevertheless, both artifacts may be recognized by a well-trained operator.
2,6,41,42 SCC is a malignant tumor of keratinocytes and shows atypical squamous epithelium with variable degrees of mitosis and pleomorphism. On sonography, SCC shows as well-defined or irregular hypoechoic lesions without hyperechoic spots. Also, tumor hypervascularity with low-flow vessels may be detected. Besides the cutaneous layer involvement, cartilage or muscle layers may be affected in deeper NMSC tumors, especially in locations where the skin is thin such as in the nose, eyelids, lips, and ear pinna which can be detected by ultrasound 2, 6 (Figs. 15 and 16 ).
Malignant Melanoma (MM)
This is the less frequent form of skin cancer (4%-11%) but presents the highest rate of mortality, causing 75% of cutaneous cancer-related deaths and provoking more than 8000 deaths per year in the United States. 43 Melanoma recurrence has been reported in up to 35.9%, and can increase up to 46.1% when the head and neck region is considered. 44, 45 Clinically, MMs commonly show as dark pigmented lesions. Histologically, MMs are composed of atypical melanocytes that present irregular nuclei, nuclear pleomorphism, and marked mitotic activity. Spindle or epitheliod cells can also be detected. 46 The prognosis of MM is based on the Breslow classification that reports the depth of involvement of this entity on histology, measuring from the granulous layer of the epidermis to the deepest part of the tumor. On sonography, MMs tend to show as well-defined, fusiform hypoechoic lesions with prominent vascularity. Sonography can discriminate between melanomas that measure 4or-o1 mm (depth), which is important for deciding, for example on the performance of a sentinel node procedure that is indicated in melanomas that measure 41 mm.
Also, sonography allows us to detect satellite (o2 cm from the primary tumor), in-transit (Z2 cm from the primary tumor), or nodal metastases. Locoregional sonographic staging of melanomas has proven to be useful for detecting secondary involvement. Balloon shape, nodular thickening of the cortex and loss of hyperechogenicity of the medullae are signs of malignant nodal infiltration. The anechoic areas, frequently detected within the secondary lesions (extranodal or nodal), seem to be caused by the hypercellularity of the tumor rather than necrosis. The vascular density in melanoma has been correlated with the metastatic potential, and neovascularization has been reported as a prognostic factor for metastasis equivalent to the Breslow index [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] (Fig. 17) .
Inflammatory Lesions Psoriasis
This is an autoimmune disease that affects the skin, nails, tendons, entheses (ie, insertion sites of the tendons), and joints. Clinically, erythematous, scaly plaques in the skin as well as nail involvement such as pitting, discoloration, onycholysis (ie, separation of nail-plate from the nail bed), and subungual hyperkeratosis are commonly seen. On sonography, increased thickness, undulation of the epidermis and hypoechogenicity of the underlying upper dermis in the psoriatic plaques can be observed. In active phases, hypervascularity may be detected in the dermal area of the plaques. On the nails, the sonographic appearance may vary according to the phase of activity of the disease, usually showing from early to late phases: hypoechogenicity and increased thickness of the nail bed (ie, distance from the ventral plate to the bony margin of the distal phalanx), loss of definition of the ventral plate, hyperechoic deposits in the ventral plate, loss of definition of both plates, wavy and thickened plates. On color Doppler examination, ungual vascularity is commonly increased during the active phases, mainly in the proximal nail bed with low-flow arterial vessels. Patients with psoriatic onychopathy more commonly present joint involvement. Prominent and hypoechoic synovium, anechoic fluid, and periarticular erosions may be detected in the joints. Also, increased blood flow may be detected in the synovium during active phases. Tendinopathy signs that reveal hypoechoic or heterogeneous echogenicity of the tendons, which include the insertion sites (enthesis) have been reported in psoriatic patients even at subclinical stages. Sonography may support the diagnosis, assess the severity, and monitor the treatment in psoriasis [59] [60] [61] [62] [63] [64] [65] [66] (Fig. 18) .
Morphea
This is the cutaneous form of scleroderma, and a connective tissue disease. It comprises several subtypes and the most common is the dermal plaque-type, also called circumscribed plaque type of morphea. There are other subtypes and variants such as the deep form of morphea that can affect the hypodermis, fascia (eosinophilic fasciitis), and muscular layers. Other morphea variants are the guttate (drop-like) form, the atrophoderma of Pasini and Pierini type, the keloidal type, and the lichen sclerosis et atrophicus. The linear morphea is the most common form of presentation in children and can show as ''en coup de sabre'', progressive hemifacial atrophy (Parry-Romberg syndrome-PRS), or linear limb involvement. 67 On histology, the appearance can vary according to the phase and depth of involvement. During the inflammation phase thick collagen bundles, perivascular inflammatory infiltrates (lymphocytes, plasma cells, and eosinophils) may be detected. At the end stage there is significant atrophy of eccrine glands, vessels and hypodermal fatty lobules, and thick dermal collagen bundles. On sonography, the appearance can also vary according to the phase of morphea. Thus, during the active inflammatory phase, increased thickness and decreased echogenicity of the dermis, as well as increased echogenicity of the hypodermis can be found. In the atrophic phase there is thinning of both dermis and hypodermis. On color Doppler, increased vascularity is detected in the dermis or hypodermis, or both during the active phase. [68] [69] Cutaneous hypervascularity and increased echogenicity of the hypodermis have been reported as the most sensitive sonographic signs for assessing activity in morphea. Ipsilateral parotid gland inflammatory changes (hypoechogenicity or hypervascularity, or both) have been detected in concomitance with Parry-Romberg syndrome 70 ( Fig. 19) .
Hidradenitis Suppurativa
This is a chronic inflammatory disease characterized by recurrent abscesses, fistulae, and scarring that commonly involve the intertriginous skin that bears prominent hair follicles and apocrine glands. The most frequent locations affected by hidradenitis suppurativa are the axillae and groin. 71 On sonography, enlargement of the hair follicles, round-or oval-shaped anechoic pseudocystic dermal structures, hypoechoic dermal and hypodermal fluid collections, as well as fistulous tracts can be detected. Occasionally, hyperechoic lines that correspond to fragments of hair tracts are observed within the collections or fistulous tracts. Increased vascularity with low-flow vessels is usually found in the periphery of the collections or fistulae. Sonography allows mapping of the disease, provides anatomical data that can assess the severity and improve management of the disease 72, 73 (Fig. 20) .
Plantar Warts
These are generated by an infection with the human papilloma virus. Plantar warts can be very painful and therefore limit the daily activities of patients. Clinically, because of the exquisite pain, these lesions may be mistaken for a foreign body or Morton neuroma. On physical examination, they show as single or multiple hyperkeratotic lesions on the sole of the foot. Histologically, an endophytic proliferation of the virus is produced in the skin. On sonography, plantar warts show as well-defined, oval or fusiform shaped lesions located in the epidermis and dermis. Commonly, there is increased dermal blood flow at the bottom of the lesions with low-velocity arterial vessels and distention of the underlying plantar bursa. Sonography can support the diagnosis and management of these conditions 74, 75 ( Fig. 21 ).
Nail Pathology
Benign Lesions
Glomus Tumor These benign tumors are generated in the neuromyoarterial plexus and the most common location is the nail bed. Clinically, they commonly present intense pain and sensitivity to cold. Depending on the size and location, the tumor can affect the ungual matrix and produce secondary dystrophies in the nail plates. On sonography, they show as well-defined, hypoechoic oval-or round-shaped structures in the nail bed. They are usually single and frequently affect the proximal part of the nail bed. Nevertheless, distally located forms of presentations can also be found. Scalloping of the underlying bony margin of the distal phalanx is a usual finding. On color Doppler, glomus tumors frequently present hypervascularity with slow-flow vessels 2, 6, 8, 11, 12, [76] [77] [78] (Fig. 22) .
Subungual Exostosis
These are outgrowths of bone that emerge from the bony margin of the distal phalanx and bulge into the nail bed or periungual region, or both. They present a wide range of clinical appearances that include subungual erythematous lumps, nail plate dystrophies or elevation, and periungual erythema, among others. Therefore, the patients are frequently referred for an ultrasound examination before an x-ray test. On sonography, subungual exostoses appear as hyperechoic band-like or linear structures connected to the bony margin of the distal phalanx. A hypoechoic cap can cover the hyperechoic bony outgrowth if there is cartilage on top of the bony structure (osteochondroma). Pronounced hypoechogenicity, thickening and increased blood flow within the nail bed may also be found as part of the reactive and usually long-term inflammatory process 2, 6, 8, 12 (Fig. 23) .
Granuloma
These are reactive lesions commonly secondary to trauma, and are composed of proliferative scarring and inflammation which generate a pseudomass effect. Clinically, they show a variable degree of nail dystrophy and ungual swelling. Granulomas can also affect the periungual skin and clinically show as reddish lumps in the proximal nail fold (usually the telangiectasic form). On sonography, subungual granulomas appear as ill-defined, hypoechoic areas in the nail bed that frequently involve the matrix region. Increased thickness of the nail bed is also commonly detected. Usually, the bony margin of the distal phalanx is unremarkable. In the periungual region they can present as hypoechoic round or oval shaped structures in the dermis of the proximal nail fold. The degree of vascularity of granulomas is variable and can go from hypovascular to hypervascular (most common in the telangiectasic variant) 2, 6, 8, 12 (Fig. 24) .
Synovial Cysts
These are periungual cystic structures that are commonly generated by the leakage of synovial fluid from the distal interphalangeal joint into the periungual and ungual region. Thus, synovial cysts are usually connected to the distal interphalangeal joint. The most common location is the proximal nail fold, but they also may bulge into the nail bed and compress the ungual matrix. This latter compression can generate secondary dystrophies of the nail plates such as thickening, disruption, or irregularities. On sonography, they show as round-or oval-shaped anechoic cystic structures that commonly present a connecting thin and tortuous anechoic tract to the distal interphalangeal joint. Synovial anechoic fluid and osteophytes in the neighboring joint can also be detected. On color Doppler these cysts lack vascularity 2,6.8,12, 79 ( Fig. 25 ).
Exogenous Materials
Foreign Bodies 
Fillers
These are particles that are used for cosmetic augmentation purposes such as the filling of wrinkles or plumping of the lips, or both. They can be classified according to their nature, or reabsorption capabilities into biological (degradable) or synthetic (nondegradable). Commonly, fillers are located in the hypodermis rather than the dermis, therefore the term ''dermal fillers'' is a confusing name. The most common biological filler is hyaluronic acid. This filler appears on sonography as round-or oval-shaped anechoic pseudocystic structures, usually in the hypodermis. Hyaluronic acid deposits decrease in size over time (3-6 months) until complete reabsorption. Examples of synthetic fillers are polymethyl methacrylate, calcium hydroxyapatite, polyacrylamide gel, and silicone (pure or oily forms). Polymethyl methacrylate appears on ultrasound as bright hyperechoic dots with mini-comet tail artifact (small posterior reverberation). Calcium hydroxyapatite shows on ultrasound as hyperechoic deposits with a posterior acoustic shadowing artifact which is due to the acoustic properties of calcium. Polyacrylamide gel shows on ultrasound as round-or ovalshaped anechoic pseudocystic structures that do not change in size for at least 18 months and are usually accompanied by increased echogenicity of the surrounding hypodermis. The silicone usage for cosmetic purposes is not approved by FDA but its usage has been reported in other countries. Pure silicone appears on sonography as oval-shaped anechoic deposits that do not modify in size over time. In contrast, silicone oil is hyperechoic and produces a strong posterior reverberation artifact, an appearance that has been called ''snow storm''. Sonography can assist the detection and identification of the type of filler, and this may be critical when dealing with adverse reactions to these compounds that sometimes can present confusing clinical signs and may mimic other common dermatologic conditions 2,81-85 (Figs. 27-31). 
Conclusion
Sonography can support the diagnosis and management in common cutaneous and ungual entities. It may help surgical or medical treatment planning, or both, therefore can potentially prevent recurrences. Ultrasound can discriminate between a dermatologic and nondermatologic origin, as well as between endogenous and exogenous components. It can support the assessment of the activity and severity of common cutaneous diseases. Lastly, early knowledge of this detailed anatomical information can improve the cosmetic prognosis. 
